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Summary. A highly specific anti-glutamate monoclonal 
antibody, mAb2D7, was used together with light and 
electron microscopy to elucidate the role played by the 
amino acid glutamate in the projection from the 
olfactory bulb to the piriform cortex in the rat. By light 
microscopy, glutamate-like immunoreactivity was 
observed in neuronal cell bodies and in the neuropil of 
the piriform cortex. Double labelling experiments which 
involved injections of wheat germ agglutinin-horse- 
radish peroxidase into the olfactory bulb and a post- 
embedding immunogold method for electron microscopy 
revealed anterogradely labelled terminals making 
asymmetric synaptic contacts on dendrites in the 
piriform cortex which contained high levels of glutamate 
as assessed by quantification. These results further 
support a role for glutamate as a neurotransmitter in the 
efferent pathway of the rat olfactory bulb. 
association and commissural fibers (Price, 1973). Layer 
I1 is characterized by a high concentration of pyramidal 
and semilunar cell bodies, and their large-caliber 
proximal dendrites. Intervening islands of neuropil with 
a composition similar to that of the deep part of layer Ib 
and the superficial part of layer I11 are also present. 
Several lines of evidence suggest that glutamate acts 
as a transmitter from the olfactory bulb efferent pathway 
to the piriform cortex (Johnson and Aprison, 1971; 
Collins, 1984). The high concentration of glutamate in 
the piriform cortex is reduced following olfactory 
bulbectomy or transection of the lateral olfactory tract 
(Bradford and Richards, 1976). 
The present study was undertaken because to date 
there is no morphological information available 
regarding the neurotransmitter associated with this 
efferent pathway. 
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Introduction 
The olfactory system of the rat is a phylogenetically 
old part of the nervous system which is proving to be 
useful for a variety of anatomical and physiological 
investigations. The morphology and connectivity of the 
piriform cortex have been studied in some detail by light 
microscopy (Luskin and Price, 1982, 1983a,b; Haberly, 
1983) and electron microscopy (Derer et al., 1977; 
Heimer and Kalil, 1978). 
In the rat, the olfactory cortex is a three-layered 
structure (Price, 1973; Haberly and Price, 1978a,b) 
which occupies most of the ventral surface of the 
forebrain. Layer I, or the plexiform layer, can be divided 
into a superficial portion, layer Ia, in which synaptic 
terminals of the olfactory bulb (OB) are concentrated 
and a deep portion, layer Ib, which contains terminals of 
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Untreated adult male Sprague-Dawley albino rats 
(n=4, 220-250 g) were sedated and deeply anaesthetized 
with Ketamine hydrochloride (25 mglkg, intra- 
muscularly injected). Thereafter, the rats were rapidly 
perfusion-fixed through the heart with 4% formaldehyde 
for 30 s followed by 1 litre of 5% glutaraldehyde (both 
fixatives prepared in 0.1M cacodylate buffer, pH 7.4). 
The brains were removed from the skull and postfixed 
overnight at 4 "C. Both the lateral olfactory tract and the 
piriform cortex were dissected out and 350 pm-thick 
vibratome sections were collected in phosphate-buffered 
saline (PBS). Subsequently sections were rinsed in the 
same buffer and then in 0.1M cacodylate buffer (pH 
7.4). Finally, sections were treated with 1% osmium 
tetroxide in 0.1M cacodylate buffer, pH 7.4, for 1 h on a 
shaker at room temperature, dehydrated and embedded 
flat in Epon 812. Semithin sections ( 1  p m )  were 
processed for postembedding immunohistochemistry 
using a peroxidase-antiperoxidase (PAP) procedure and 
silver intensification of the 3,3'-diaminobenzidine 
(DAB) end product, as previously described in detail 




